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Treatment of Inorganic Filler Surface by
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Treatment Condition and Analysis of Bonding
State of Reacted Agent
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Abstract— It is well known that enhancing interfacial adioesi
between inorganic filler and matrix resin in a casipe lead to
favorable properties such as excellent mechanioapepties, high
thermal resistance, prominent electric insulatitmy expansion

coefficient, and so on. But it should be avoideat ttnuch excess of

coupling agent is reacted due to a negative impadheir final

composite’s properties. There is no report to aghidassification of
the bonding state excepting investigation of captayer thickness.
Therefore, the analysis of the bonding state of dbepling agent
reacted with the filler surface such as BN particléth less functional
group and silica particles having much functionabup was
performed by thermal gravimetric analysis and pysisl GC/MS. The
reacted number of functional groups on the silamgting agent was

classified as a result of the analysis. Thus, veeeeded in classifying

the reacted number of the functional groups asualtref this study.

Keywords—Inorganic filler, boron nitride, surface treatment,

coupling agent, analysis of bonding state

|. INTRODUCTION

compatibility which allows the silane to react witie coating
polymer. The X represents alkoxy moieties, mosticalpy

methoxy or ethoxy, which react with the variousnisr of
hydroxyl groups and release methanol or ethan@s&lgroups
can provide the linkage with inorganic substratesiller to

improve coating integrity and adhesion. The methgsxyups
are also capable of reacting with hydroxy functlgmalymers
such as Fig. 1 [1]-[2]. As shown in Fig. 1(1), thedrolysis
reaction formed a reactive silanol group. The silgmoups can
condense with hydroxyl groups on mineral componé€2or

with other silanol groups (3)-(4), to form siloxalirkages.

Hydrolysis Reaction
R—Si(OR')3 +3H,0 — R—Si(OH); +3R'OH (1)

Condensation Reaction

3 HO OH ll? HO. OH
HO—SIi—OH + HO @ E—— HO—Sli—O @ 2
OH HO OH OH HO OH

T is well known that the ability of alkoxysilanes added to a

resin formulation to migrate to the substrate fisiee and
improve their bonding. The hybrid chemicals withtborganic
and inorganic properties react with the polymer amderal
components, forming durable covalent bonds acrdss
interface. It has been proposed that these bonesbath
hydrolyzable and reformationable, and thereforevipi® a
means of stress relaxation at the organic/inorgamarface.
The results are given improvement on adhesion amnabdity
[1]. The general reaction formula of alkoxy silasb®ws two
classes of moieties attached to the silicon atom:

Rn-Si-X (4-n

R is a nonhydrolyzable organic moiety that can itieee an
alkyl, an aromatic, an organo-functional, or a coration of
any of these groups. These groups provide the @rgan
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Fig. 1 Reaction mechanism of alkoxysilanes as alaoyagent

On the other hand, the heat dissipation probleadiranced
microelectronic packaging and devices is becoming
increasingly important as the demands in denser fagtér
circuits intensification. In order to improve théetmal
conductivity of encapsulant or substrate, the ipooation of
highly thermal conductive ceramic materials, such a
aluminum oxide, aluminum nitride, silicon nitriddaoron
nitride, etc., in polymer composites has been stlifi8]-[10].
As these ceramics have less interfacial adherencé¢he
polymer composites, their surface modificationgguired [2].
Generally, a coupling agent or a surfactant wasl dse the
surface modification, because hydrolysis of ceransisrface
for producing much surface functional groups oftastain
reduction of the crystallinity and the particleesiesulting in
decrease of thermal conductivity [11]. On the othemds, very
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high content of the ceramics is required to achfégh thermal
conductivity since the thermal conductivity of mess much
lower than the ceramics, but the high filler comtam the

polymer composites cause very high viscosity amgtatiing of
mechanical properties. The surface modificatiorcefamics
using a coupling agent improves the interfacialemdhce and
lowers the viscosity [12]. Many studies on the tietaship

between the amount of surface modification and raeicial

properties has clarified that binding state of thedified

surface is considered a major infection on the dbalnmand

mechanical properties of polymer composites [13][1
However, analyzing the chemical bonding state efatupling
agent on the modified particles is very rare; fostance,
surface shape and hardness on the surface-trafitedogads
by AFM were reported [16]. Furthermore, we could fiod

any reports concerning bonding state of alkoxysisamvith

mineral components at starting this work.

ultra-centrifuged for purification, furthermore thearticles
were rinsed by acetone and ultra-centrifuged aretidit 60°C
in vacuum for 2h.

e ~)
C,Hs0)sSi
HsCO-Si-C3Hg—R (C2Hs0)s
6CH KBE-103
3 (103)
P o
| R OCH,CH-CH, NHPh NH,
KBM-403 KBM-573 KBM-903 ;
(403) (573) (903) !

Fig. 2 List of using alkoxysilanes

C.Quantitative Analysis by Thermal Gravimetric Analysis
(TGA) and Pyrolysis GC/MS (Py_GCMYS)

TGA apparatus, Seiko Instrument Inc. EXSTAR TG/DTA
5200, Chiba, JAPAN, was used in 150 ml thaf N, flow.

Py_GCMS is composed of Pyrolyzer (Frontier LaboDLT
PY-2020D), Gas Chromatograph (Agilent TechnologyDL T

Therefore, we focused in the bonding state of thgggna GC), and Mass Spectrometric Detector (Agilent

alkoxysilane on inorganic particles and startedstiady the
clarification of the bonding state such as reactathber of
alkoxy groups. We select BN particles having supetiermal
conductivity and silica particles easily reactingithw
alkoxysilanes.

Il. EXPERIMENTAL

A. Materials

The diglycidyl ether of bisphenol F (DGEBF), JER78@vas
supplied by Mitsubishi chemical Co. Ltd., Japanthwan
epoxide equivalent weight of 170 g equivalénAn alicyclic
diamine, JERCURE 113, was used as a curing agenlisa
by Mitsubishi chemical Co. Ltd., Japan, with an @aeni
equivalent weight of 97 KOH mgly Spherical silica gel with
40-100um, Silica gel 60N spherical neutral, was obtairredf
Kanto chemical Co., Inc. Boron nitride, MBN 010TL(0") and
SP2 (SP2), were supplied by Mitsui chemicals ldapan and
Denka Co., Japan, respectively. Alkoxy silanes doupling
agent, shown in Fig. 2, were supplied by Shin-Efsemicals
Co. Ltd., Japan.

B. Surface Modification of Ceramics Particles

It is difficult to obtain an ideal single-moleculayer of
coupling agent due to the rapid rate of homo cosaléon

Technology Inc., 5975C MSD). The operating coodii were
as follows: Py temp., 600°C; ion source, 230°C; H®l,eV. A
Frontier Lab. UA-5A column (30 m x 0.25 mm i.d., )d0.25
um) was used with the following temperature program:°C
(5min hold) raised at 10°C mirto 300°C (10 min hold). The of
pyrolyzer temperature was 600°C. The mass spectesmas
operated in scan mode over a mass range from 380t@mu.

D.Other Analysis

IR spectrometer (Nicolet 6700, Thermo Electron, théaai,
USA) equipped with a ZnSe ATR attachment was used f
confirming existence of a functional group suclexsane ring,
S-H, or N-H. Wide-angle X-ray diffraction traces AXD)
were scanned on a Rigaku X-ray diffractometer RREDO
(RIGAKU, Tokyo, Japan), 40 kV — 50 mA.

I1l. RESULTS ANDDISCUSSION

A. Treatment of Ceramics Particles

The surface treatment of ceramic particles by alkdanes
was examined in accordance with methods of H. Haselg et
al. [17]. Appling alkoxysilane was performed in amhydrous
toluene without hydrolysis process and additiorwafter or
alcohol. A vacuum heating achieved chemically barsleface

between the silanol groups when the common treatmeRodification of alkoxysilanes.

method mentioned above is applied. Since
homo-condensation reaction rate of silane compouiittiswo
alkoxy groups and one silanol group is so slow,expected
that this compound reacts with the particle surflacetional
groups predominantly, to form single-molecular kaye order
to make reaction of a hydroxy group on the inorganarticles
with an alkoxy group of the trialkoxysilane, theacdion was
attempted without a hydrolysis process of the ajkdane to
generate silanols. A toluene solution of alkoxys#iaadded to
the inorganic material and the toluene solvent rgasoved by
drying on a heating plate at 40°C for 5h. The phasi applied
the alkoxysilanes were heated at 125°C in vacuurBHoAfter
the particles rinsed by THF to remove excess algiteaye, the

the B, Estimation of Real Coated Amount by TGA

Quantitative analysis of chemically bonded couplaggnt
by TGA was performed. A first weight loss based tbe
volatility of water adsorption at 100-150°C and maieight
loss based on the pyrolysis of chemically bondedptog
agent at 400-560°C were observed. A quantitatisaltef the
modified particles by TGA means the actual coatadswn the
surface by the modification reaction.

C.Py_GCMS Analysis of Coated Particles

TGA can give the information of total coupling agemass
reacted with particle because the agent reactddtiét particle
surface is almost entirely removed by thermal demusition.

particles were homogenized in THF by ultrasonic angh contrast, Py_GCMS for quantitative analysis aftigles,
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rather than total mass in response to the reaci@gliog agent,
provide the amount of the compound derived fromsigment
which the reacted agent was fragmented by pyrolysisther
words, the information from Py _GCMS can give theéuat
concentration of the agent involved in the reaction

Fig. 3 is a typical pyrogram (pyrolysis gas chroogaam) of
BN particle (010T) modified by 50wt% of the coumimgent
103. The outside window and inside window how altain
chromatogram (TIC) and an ion 78 chromatogram etech
from the TIC, respectively. The peaks in the TICrave
identified as gases from air, water, benzene, t|uanknown
compound and biphenyl. The C-Si bond in reacteclooy
agent 103 on the patrticle is cleaved and the benmwiety is
vaporized by the thermal decomposition as the rpadauct
due to its lower bonding energy than others. Heatieatment
at 200°C for 15 min in Argon flow reduced most loé twater
and certain amount of the toluene and the unknawmpound
without the influences in other peaks.

Abundance L

Total lon e lon 78

-— Benzene o -—— Benzene
(67.8 areat) (97.9 area%)

Biphenyl
(4.2 area%)

+~— Toluene (2.8 areat)
~—— Unknown (3.8 area%)

Fig. 3 Typical programs of modified BN particle (@) by the
coupling agent 103
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Fig. 4 Coat amount calculated from GCMS resultsaatdal coat
mass measured by TGA

The integral value of the peak area on ion 78 cltogram
on the measurement was used for quantitative cdlonl
because of its simple shape suitable for accurdaggiation.
These results are common to both of the particledified by
the agent 103. Two compounds corresponding to imenaed
aniline were mainly detected by pyrolysis of thertigkes
modified by agent 573. As in the case of agent 163,
concentration of both compounds were determineach feach
ion chromatogram (ion 93 and 78) correspondingatthamain
ion of them. In the chromatographs of modified iotat
applying other coupling agents, many peaks derifrech
pyrolysis of their coating layer were detected. dtinately,
quantitative analysis could not execute due to atmo
impossible of exact quantitative analysis in mudmplex
chromatograms.

Comparison of the actual amount of the reacted taged
their coat mass gives interesting information asshin Fig. 4
(a)-(d). Because quantitative GCMS analysis gively ohe
true amount of the reacted agent, the actual coasesd cannot
get by the analysis directly. However, it is pbssto calculate
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the coat mass depending on the reacted numbemofidaal
groups, since the actual coat mass varies withgdsmim the
molecular weight corresponding to the reacted numife
functional groups. The curves in the graphs ati@ditcurves of
coating amount calculated from those values (Fig. The
actual coat masses estimated by TGA are plotteitadar or
square dots in the graphs. The dots in Fig. 4(d) @) are
located almost on the curve when one ethoxy greapts with
the particle surface, and they are saturated attéhawt% and
7.7wt% showing as gray arrow positions<{ This fact
would indicate that the modified BN is covered waigent 103
which one ethoxy group reacts with a functionalugron the
particle. Consequently, we expect that one funelignoup of
the agent with three functional groups reacts wehrly all of
the surface functional groups. Moreover, it suggdisat SP2
has less functional group which can react with ¢bapling
agent 103, since saturated coat amount of the 0A8F
approximately four times that of the SP2. In costtrthe dots in
Fig. 4(b) and (d) move from the curve of one alkeagcted
estimation to the curve of three alkoxy reactedredion with
increase of addition amount. Similarly, the dotsFig. 4(c)
shift from the curve of one alkoxy reacted estimatio the
curve of two alkoxy reacted estimation. These tasulill

suggest that the agent preferentially reacted wisinticle
surface at low concentrations until 5 or 10% arehtthe homo
reaction between the agents predominantly occuwét

increasing concentration of the agent. The coatusmof
reagent 103 was not more than the saturation vahes if
increasing the addition amount, but the coat amotirtagent
573 increased with increasing added amount. Thesltrevill

caused by differences in ease of homo-condensedastions,
i.e., the difference would be due to
self-condensation progress under basic of theaselfio group.

10
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Fig. 6 WAXD patterns of coated particles by 403

tendency of The actual coat masses on modified BNs (010T op 82

agent 403, estimated by TGA, are plotted in Fig).5(he coat
mass of 010T increased with increase of the add#imount
and reached saturation in the 2.4wt% coat at sopgieed with
10%.

The coat mass of 010T was increased by little e 20%
addition amount again. The maximum coat mass afit3at
50wt% addition coincides the calculation resultssafurated
coating mass with respect to that of modified phatiby
applying 103 in Table I. On the other hands, that ecpass of
SP2 increased with increasing addition amount @&zdthed
saturation in the 8.8wt% coat at the 50% supplertiégt 5(a)).
It was expected that the surface functional groafpSP2 are
less than those of 010T from Fig. 4, but the cagtimount of
the SP2 was more than that of 010T in this case.r&ason for
this result would be attributed to the formation mfany
homo-polycondensate because the broad peak (ard@rrd
21°) derived from silica was observed in the WAX&tprn of
modified SP2 by 50wt% of 403 whereas no peaks axittat
of modified 010T, as shown in Fig. 6. In case ofdified BN
by 903 (Fig. 5(b)), the coat masses of BNs incre¢ase
proportionally with increase of the addition amouhte to
self-condensation progress under basic of theasailio group.
It should be avoided that much excess of couplgenais react
with the less functional group on their surface thueeducing
their final composite’s properties such as bendstrgngth,
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impact strength, electric insulation, low expansiand so on
[18].

Actual coat masses reacted with surface functigraips of
the particles are summarized in Table II. In cormzpbetween
the calculated coat masses (Table I) and measugted| &oat
masses (Table Il), those for SP2 (BN) do not matthall,

although the two coating masses for 010T (BN) aré!

approximately consistent without the cases of rnoraon.
This fact means that the reaction between 010T eaxch

coupling agents (103 and 403) would progress wit

condensation of one alkoxy group in three onesefagents
until most of all functional groups of particle fage react with
the each agent.

IV. CONCLUSION

It is well known that enhancing interfacial adhesbetween
inorganic filler and matrix resin in a compositeade to
favorable properties such as excellent mechaniczepties,
high thermal resistance, prominent electric insohgt low
expansion coefficient, and so on. But it shouldateided that
much excess of coupling agent is reacted due tacied their
final composite’s properties. There is no reportaichieve
classification of the bonding state excepting itigadion of
coating layer thickness.

CALCULATION RESULTSOF SATUR-I/-\)'AFE?EI[_)E(;OATING MASSRELATIVE TO THAT
OF MODIFIED PARTICLE BY APPLYING AGENT 103
Agent 010T (BN) SP2 (BN) Silicagel
(Wt%) (Wt%) (Wt%)
103 3.2 0.84 7.7
403 34 0.89 8.1
573 37 0.96 8.8
903 2.4 0.63 58
TABLE Il
ACTUAL RESULTSOF SATURATED COATING MASSOF MODIFIED PARTICLES
Agent 010T (BN) SP2 (BN)
(Wt%) (Wt%)
103 32 0.84
403 3.4 8.8
573 * *
903 = -*

* no saturation

Therefore, comparison of silane-coupling treatnietiveen
for BN particles with less functional group and fsitica
particles having much functional group was investiéd. The
analysis of the bonding state of the coupling ageatted with

Industrial Technology Development Organization (NED
project, “Development of the technology of the mials

showing contrary functionalities simultaneously,dontrolling

the nanometer size structure”.
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